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the zone of Inh i bit Ion around each d i5c was measured with a ruler on the

undersurface ot the petri di sh. The end point was taken as the complete

i nh ib i t i on  of g rowth as determined by the naked eye. The zone diameters

as recommended by t he Food and Drug Admin i s t r a t i o n  were used to in te rp re t

the susceptibility of the bacteria to ant ibiotics. The susceptibility of

the organ ism was considered to be either se n si t ive , intermediate or re-

sistant accord i ng to the size of the zone of inhibition. Six p lates were

prepared for each measurement. The influence of the followin g variables

on the interpret ation of the sensitivity of bacteria to antibiotics was

determ i ned in the next series of experiments.

I noculum Size—— Bacterial suspensions of E. co l i or S. aureu s were pre-

pared to contain lO s, 1O6, io~ ~~~~~~ or lo~ organisms/m i . Mue li er -Hin t on

p lates were streaked with the various concen t.rations of org anis m s and a

routine susceptibility test perfo rmed .

Incubat ion Time—— Plates from the test above were removed from the in-

cubator after sever hours and the zones of inhibit i o n  recorded . The p lates

we re returned to the incubator and reexamined after the standard eightee n

hours of incubation. 
-

Tissue Binding—— Bacterial suspensions were prepared as before , except

tha t the suspep sions contained 10% (w/v) homogenized tissue . The tissues

emp loyed were skin , muscle , or burn eschar . Suspensions of 10% tissue we re

ve ry viscous and p robabl y would be the max imur ri amount of tissue ever exposed

to an ant i b i o t ic test p late. The antibiotic sensitiv it y of these bacter ial

suspensions was compa red to that of bacter ial suspens ions without tissues

after a seven and ei ghteen hour incubation.

Mixed Cultures—— The effect of E. cofl on the interpretation o~ sensi- 

--~~-~~~~~~ ~~~- ~ - - - - ~~~~
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t iv i t y  of S. aureus to antibiotics was eva l uated by prepa r ing suspensions

8 . L~ 5 6 7 8 _
of 10 S. aureus wh i ch also contained 10 , 10 , 10 , 10 , or 1 0 c.. col t .

- 8
This experiment was then repeated except suspensions of 10 E. co l i were

k 5 6 7 8
prepared which also contained 10 , 10 , 10 , 10 , or 10 S. aureus. The

susceptibility of each of these bacterial suspensions to antibiotics was

reco rded by the standard Kirb y—Bauer test.

Cl i n i c a l  Stud y

Homogenized cli n i c a l  specimens of burn eschar or infected wound tissue

we re subjected to i mmediate antibiotic sensitivity testing . In addition to

the eleven antibiotics emp loyed in the experimental stud y, another se’~-en c i i n —

i ca ll y i mportant antibiotics were used : ca r b e n i c i l l i n , erythromycin , kana—

mycin , n a f c i l l i n , oxaci lli n , tobramyc in , and vancomycin. In addition , the

number of viable bacteria in the homogenate was q u a n t i ta ted by s tandard  s e r i a l

d ilut ion and p lat ing techniques. Bacteria iso~lat ed From the quan t itative mea-

surements were identified and the individua l antibiotic susceptibility o~ each

isolated organisms determined by the standard Kirb y-Bauer procedure.

RESULTS

Experimental
p

Inocu lum Size-— A heavy g rowth of organisms on the agar p late is essen—

tial to permit interpretation of the antibiotic susceptibility. A bacterial

inocu lum of 1O~ or less or~anism s resulted in non—confluent g rowth on the

p late in which the zones oi i n h i b i t i o n  are not readable. A non-confluent but

6
readable g rowth pattern was encountered w i th 10 and 10 organisms . Jetermin-

ation of antib i o t i c  s e n s i t i v i t i e s  at this leve l is Fo r tuitous , since 10
6

or more b a c t e r i a  resu l t  in c l i n i c a l l y s i g n i f i c a n t  wound i n t e c t i o n  and burn
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wound sep sis w hil e srn all e r doses of b a c ter ia are c l i n i c a l l y insi gnificant.

When the inocu lum delivered to the agar p late was JO or greater , a confluent

lawn of bacteria was readil y apparent In which antibiotic sensit i vity test ing

was eas i ly accomp l i shed .

When the zones we re readable , inoculum size had an insi gnificant effect

on the i n t e r p r e t at i o n  o an ti biotic susceptib i lit y. A fter an ei ghteen hour

incubat ion , onl y small differences in zones of inhibition were observed when

the inoculum was varied from 10
6 

to organisms/mi . The zone of inhibition

was frequentl y inversel y proportiona l to the Ino culum size. Incre asing the in—

ocu ium s i z e  u s u a l l y resulted in a sli ght decrease in the diame ter of the

zone of inhibition. The resultant reduct ion in zone s i z e  d id  not a f F e c t  the

interpretation of antibiotic susceptibility in any o f  the 26L~ tes ts perfo rmed

w i th E. co l i and in onl y one of 2614 tests conduct ed with S. aureus.

Incubation Time-- With E. coli and S. ab reus , small differences in zone

size were observed when the results were reco rded after seven hours as compared

to those measured fol lowing an ei ghteen hour incubation. These changes in

zone size on agar plates containing E. c oli Influenced the interpr etation o~

resu lts in 11+ or 264 tests. An i n i t i a l  reading of intermed i ate at seven hours

was changed to resis tan t after an add iti ona l eleven hours of incubation . These

changes were restricted to the ch ior arn~henico l discs when the i noculum was 10
6

and ~~ and in~,olv ed onl y a 2 mm alteration in the diameter of inh i b i t  ion. Ar .

i n i t i a l  reading of ~ens it iv e at seven hours which was subsequentl y read as inter-

mediate accounted for three of the changes in the tests involving S. aureus.

Five other changes occurred with S. aureus -.-~h ic h f-~ l 1 into the intermed iat e

range at  seven hours , chang ing to r~ s i st ~~nt a t  e I g ht e e n  hours. I t is important

- -—-—~~~~ ~6$=.~$t4._~ ~~
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to note that  read inSs of sensitive neve r changed to resistant as a resul t of

altering the length of incubat ion.

Tissue B in d i n q - — The presence oF tissue (10%) in the homogenate fluid

did rio t si gnificantly change the in terpretation of antibiotic susceptib i lity

of either E. co l i or S. aureus. Interpretat ion of the antibiotic sensitivit y

test was altered in onl y four of 46L4 tests as a result of the presence of

tissue in the bacterial suspens ion. In these exceptions , the reading was

changed from sens it ive to Intermediate in specimens containing eschar.

Mixed Cultures—- In mixed cu ltures , the interpretation of antibiotic

susceptibility was related to the number of bacteria in the culture . When

or less E. coli were added to a suspens ion containing 10 S. aureus , the

determ i nation of antibiotic sensitivit i es of the S. aureu s was easil y mad and

unchanged from tha t encountered with S. aureu s alone. These level s of E. coi l

resulted in non—confluent g rowth that did not mask the i n h F b i t ~ion zones in

S. aureus. When IO~ or 10 E. coIl were present In the S. aureus susDens ion ,

both organisms grew to produce confluent lawns, In this case , the d iam eter

of the inh i b i t i o n  zone was determ i ned by the least sensitive organis m . This

i s exe m p l i f I ed by the antibiotic s u s c e p t i b i l I t y  to te:r a cyc lin e of nixed

cultures of large nur~bers (10
8
) of both E. co l i and S. aureu s . In these

m ix ed cultures , the clear zone of inhibi t i o n  around the tetracycline disc

measured 6mm ~omparab le to that in a culture of only E. co l i. This size of

the zone of irhibi tlon due to tetracycline on p lates with E. col was con—

s i d era b l y smaller than that (28 mm) encountered on p~ ates subjected to lar g e

numbers of S. aureus.

In these mixed culture experiments , we observed an interesting g rowth

patte rn that provided insight in t o the antibiotic sen si tivity of the m i xtur e
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of organisms g row i ng on agar p lates. This g rowth pattern occurred when there

were d ramatic differences In the sizes of the zones of in h i b i t i o n  of the mix-

ture of organisms as in the above case. A complete zone of i n hibition was

r e a d i l y apparent , indicating the antibiotic susceptibility of the most

resistant organism. In addit i on , a larger incomplete zone of inhibition was

noted around the clear zone , denoting the ant ibiotic susceptibility of the

more sensitive organ ism. The size of this incomp lete zone of inhibition was

compa rable to that of the clear zone noted in the tests perfo rmed on the

more sensitive Organism. The organism isolated from the i ncomp l ete zone of

inhibition was the most resistant organ ism. Sim i l a r  results were obtained when

8 .a suspension of 10 E. colt was mixed w i t h  va rying numbers of S. aureu s

(10
k 

to 1 0
8
). A gain , the clear zone of inhibition was determined by the least

sensitive or ganism.

C l i n i c a l  
-

Dur ing a seven month per iod we conducte d a prelimin ar y stud y to compa re

the results of the direct antibiotic susceptibility test of cli n i c a l  spec-

imens with that obtained from indiv i dua l isolates of the same specimen. During
- 

this interva l , 80 cli n i c a l  specimens were obtained which contained at least l0~

organisms/gm of tissue . 865 antibiotic tests were perfo rmed on the Isolated
p

colonies using the standard K !rb y—Bauer procedure . An agreement between these

two tests was ~ncountered in 699 (81%) of the cases. In J9~ of the tests in

wh ich there was disagreement , the combination of one organism w i th a zone si ze

interpreted as sensitive with another org anism whose ::one size was considered

r e s i s t a n t  r esu l t ed  in a zone s ize I n t e rp re te d  as r e s i s t a n t ,  In no cases did

we Find a m ixture of organisms y ielding a res i s t ant interpretation -.~nen the same

indi v idua l organisms gave a zone which was jud ged to be sc n s i t lv e . 
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D I S C U S S  I O N

This prelimina ry stud y demonstrated the feasibility of direc t antibiotic

testing of cl i n i c a l  specimens. The major advantage gained by th I s modified

technique was the ab i l i t y  to determine antibiotic su scep tib iU ties of the

pathogen within seven hours after submission of the samp l e .  The m o d i f i c a t i o n

employed did not alter most of the standards recommended by the Food and Drug

Administration , since there was no inclusIve change in the medium , agar depth

or antibiot i c sensi ti v i ty d i sc.

The changes in the Kirb y—Bauer test necess i tated by using the c l i n i c a l

specinien rather than the isolated bacteria did not significantl y alter the

Interpretat ion of the antibiotIc susce ptibil i ty . When a c l i n i c a l l y  si g n i f i —

6 9
cant number of bacteria (10 -10 ) were present in the c l i n i c a l  spec imen ,

variations in the i noculum sIze did not appreciab ly change the results of the

antibiotic susceptibility tests. Reduc i ng t~~ incubatio n requ i rem ent

for the standard Kirb y-Bauer antibiotic susceptibility test from ei ghte en to

seven hours a lso d id  not s i g n i f i c a n t l y  l i m i t  the accuracy  o f  the test. The

feasibili t y of reco rding the result s of antibiotic susceptibi l ity tests after

this short time interva l has also been demonstrated in separate studies bt-

4 2
Liberrn an and Robertson and Boyle et a) using isolated bacterial cultures.

As expe cte d , the variables most d~ f fi cu l t to standardize in the direct

7

test was the h~ terogenous ino culum containing large numbers (JO ) of different
o rganisms . in these cases , a zone of inhibition interpreted as sensitive with

one organism was masked by the presence of the con fiu en t g rowth of an organ i sm

whose zone of in h i b i t  ion was considered res is tant. ‘~e did not encount er the

circumstance i n . ’shich a number of sensi t ive soec ies ~ e v ~~ reactions inter preted

as res i s t a n t  when t es ted  in c o m b i n a t i o n . 3 However , even in this case it is

_ _ _  ~~-~~~~~~~- --- - --- - --- 
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possible that mixed culture sensitivities may provide the most valid in fo rmatio n

In mixed infections since they most closel y simulate the real cl i n i c a l  situat ion . 5

The me r i t o f  direct antibiotic sensitivIty test in g of clinica l spec i mens must

awair furthe r experimental and clinica l  studies in whic h the results of the

proposed sensitivity are shown to have some correspondence with the cl i n i c a l

s i tua t ion .

SUMMAR Y

The purpose of this stud y was to develop a more rap id antibiotic sensit i vity

test of the pathogens in soft tissue infections and burn wound eschar. The

proposed rapid antibiotic sensitivity was perfo rmed d i rectly on the c l i n i c a l

spec i men rather than on sing le strains of bacteria isolated f rom the ti ssue .

Perfo rming the antibiotic sensitivity tests directl y on the tissue sample allows

the physician to receive the test results seven hours after receivin g the spec-

imen rather than 38-52 hours later , a time delay encountered with the con-

ventiona l technique . This modification emp loyed did not alter most of the

standards recommended by the Food and Drug Administration since there was no

inclusive change in the med i um , agar depth or the antibiotic sensitivity disc.

The changes in the Kirby—Bauer test necessi tated by using the c l i n i c a l

specimen d id not a l t e r  s i gn i f i c a n t l y  the in te rp re ta t i on  of the a n t i b i o t i c

susceptibility. When cli n i c a l l y  si gn i ficant numbers of bacteria (lO 6~ l O 9)

were present , ~,ariat ions in the i noculum size d i d not app reciabl y change the

results of the antibiotic susceptibilit y tests. Reducing the incubation re—

quirement for the s tandard Ki r b y— Ba ue r  a n t i b i o t i c  s u s c e p t i b i l i t y  t e s t  to seven

hours also did not si gnificantl y l i m i t  the accuracy of the test.
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As expected , the variable most d i f f i c u l t  to standardize was the heteno-

genous inocula containing large numbers (lO ~) of dif ferent organ isms . A

zone of inhi b i t i o n  interpreted as sensitive with one organism was o c c a s i o n a l l y

mask ed by the presence of the confluen t g rowth of an organism whose zone

of inhibition was considered resistant. However , even in this case , i t is

possible that mixed culture se n s i t i v i t i e s  may provide the most valid infor-

mation in mixed infections , since they more closel y simulate the real

c l i n i c a l  situation .

p

I 
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INTRODUCTION

Immediate trea tment of heavil y contam i nated wounds with e ithe r

topical or systemic ant ibiot ics can reduce the wound infection rate.

When antibiotic treatment is delayed for three or more hours , the bene-

fits of antibiotic treatment are considerabl y l ess .  This develop ing

resistance to antimicrobial therapy has been correlated with an ex—

agerated Inflammatory response of the open wound . The vessels within

these wounds exhibit marked increase in vascular permeability. A

protein rich fluid extravasates into the wound formin g a fib -ino u s

coagulurn . As the coagulum accumulates , the contam i nated wound becomes

refractory to antibiotic treatment. It appears tha~the fibrinous

coagulum surrounds the bacteria preventing them from contacting toe

top icall y or systemic ally administered ent lbiot i cs.

Hydr o l ysis of this surface coagulum by proteo lyt ic enzymes con-

s i d er ab l y prolongs the effective period of antibiotic act ion. The

ef f i c a c y  of proteolytic enzymes as adjuncts to antibiotic treatment

is directl y related to its fibrino l yt i c activity. Top ical treatment

with an enzyme that has substantial fibr i no l ytic activity can enhance

the wound ’s susceptibility to antjbiotic treatment. This benefit of

pro teol yt ic enzymes must be wei ghed against any possible side effects.

As a result of their fibr inolytic activity , the enzymes may Interfere

with wound healing or damage the host or local tissue defenses.

The validity of these hypotheses are examined In these experimental

studies .

~

.-
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MATER IALS AND METHODS

Enz’~me

A Bac i l l us  sub t i l u s  protease was the proteo lyt lc enzyme emp loyed

in these exper iments.  This enzyme was supp l ied as a lyophi l i zed

powd er by Flin t Labo ratories , (Norton Grove , I l l i nois). In previou s

s tudi es , the protease exhibited considerable fibr ino l yt ic activity

and proved to be an effective adjunct to delayed antibiotic treatment

of contaminated wounds. Before each experiment , the enzyme was solu—

b ili zed In 0.9% sodium chloride to the des i red concentration and

filtered through a 0.22 u M i l l i por e R filter to remove bacterial con-

- 
. tarninants.

Standard Anima l Model

Male , Hartley guinea p i gs weIghing 300-350 crams were anesthetized

by an intr aperitonea l irtject ion of sod i um pentobarbital. ~Th e backs

of each anima l was cli pp ed , dep ilated with Surgex r
, wash ed tho roug hl y

wi th wa ter , and swabbed wi:th 70% alcohol. Two , standard , paravertebra l

Incisions were made in each animal. The wounds measuring 3 cm in length

extended down throug h the p annicu lus carnosus . Bleed i ng was stopped

by st erile gauze pressure.
p

Wound Hea l ing -

The purpose of this first experiment was to examine the influence

of top ical enzyme trea tment on wound healing , in 12 animals , 0.1 m l

of the enzurn e (12,000 pc) was app lied top icall y to one wound in each

animal. The concentration of enzyme emp loyed in thece studies is suf-

fi c ient to enhance the effectiveness of delayed antibi o t i c  treat me nt.

_ _ _  
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The contrala tera l wound was subjected to a simIlar volum e of 0.9%

sal ine serving as the cont ro l .  Ten minutes later all wounds were

closed with micropo rous tape . Fourteen days post-wound i ng , the

breaking strength of each wound was assessed . The breaking strength

of a wound is a measure of the force required to disrupt a wound with-

out regard to Its dimensions.

This measuremen t was Initiated by making two pa rallel incisions

(3 cm in length) 6 mm from each wound . Each incision extended throug h

the pannicu lus carnosus . Two clips were then attached to the divided

skin edges adjacent to the wound at a distance of 3 mm from the healing

wound. One clip remained stationa ry while the other cli p was attached

to a continuous drive mo tor with a screw gear advance by means of a

strain gauge . This latter device was connected to a Hewlitt-Packard

recorder through an ampl i fier system. A~ the drive motor pulled the

c l i ps  at a rate of 8 mm/mm ., the strain gauge reco rder syst em provided

a measur e of the app lied tension (gram—force) necessary to disrup t

the healing wound .

Resistance to Infection

The purpos e of this phas e of ~ the stud y was to determ ine toe effect

of top 1c~ l pro teo l ytic enzyme treatment on the tissue ’s resistance

to infection. In this experiment , 28 g u i n e a  p igs  wi th s tandard i z ed

wounds were included in th i s stud y .  One wound in each anima l was

subjected to a top ical treatment with 0.1 ml of 0.9% saline serv ing

as the control. Ten minutes later , each wound was blotted wit h a

sterile gauze sponge . The animals were then subdivided into two treatment
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groups. In one group , both wounds In each anima l were contamtn~ -€ z--~ b~

3.3 x 10 Staphylococcus aureus In 0.1 ml of 0.9% sa l i ne .  The wound s

in the other group of animals were subjected to a larger bacterial

6

I noculum (1.1 x 10 ) . Five minu tes after contamination , the edges

of the wounds we re approxima ted by tape .

On the fou r th pos topera t iv e day , the Inflamma tory responses of

the wounds we re measured . The wi dth of the indurated ma rgin of each

wound was reco rded In mm . Each wound was opened and examined for

ev id en ce of pur u len t d i s cha rge . A relative estimate of the number

of bacteria in each wound was made. The entire length of each wound

was swabbed three times with a cot ton—ti pped app l i c a tor af te r whi ch

time the contaminated swab was i mmersed into 5 ml of 0.9% saline .

The tube containing the bacterial suspension was then agitated on a

r . *

Vortex mtxe r for one minute. The number of bacteria in the suspens ion

was t hen quant i ta ted by stand ard s e r i a l  d i l ut io n tech n i c s .

Leukocvte Phagocytosis and Intracellular K i l l

TraumatIc injury and subsequent bacterial contamination eli c i t  an

Inflammato ry response against infection. Alteration in the microvas-

culature occurs that allows extra~~ sa t ion of phagocytic -cells into

the tissue . These cells possess the capacity to ingest and kill  In-

vad i ng bacteria . Once the microorga nism is phagocyt ized , i t Is no rmally

des troyed by I nt rac e l l u l a r  d i ges tion. Microbial death does not always

follow phagocy tosis , howeve r , and certain bacteria w i l l  survive w i thin

the leukocyte for prolon ged periods of time . This phas e of the stud y

I
— _ _ _ -________,__~ ---.----,.- _~
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examined the effect of the proteolyt ic enzyme on the ability of the

leukocyte to phagocyt lze and k i l l  bacter ia .

In vi tro measurement of leukocyte function was patterned after

the tec h n i c  descr ibed  by Mand e l . ’ Fresh venous blood collect ed In

heparin ized tubes was combined with an equa l vo l ume of 3% Dextran and

p laced at a 45
0 

ang le for one hour in order to sediment the erythro—

cytes . The supernatant containing plasma , leukocytes , and p latelets

was centrifuged at 280 g for 12 m inutes and the resultin g button of

whi te  blood c e l l s  ( lO s) was resuspended in 3.4 m l of Hank’ s balanced

sa l t  so lu t ion and 0.4 ml of au to logo us se r um . The f re sh au tologo us

serum contains the opsonin s and comp l ement system that facilitates phag—

ocytos is of foreig n particles. To one half of the white cell suspen—

si o n s  was add ed 14 mg (12 ,000 PC units) of enzyme powder. The remaining

cell suspensions were not subjected to the enzyme and ser~’ed as controls.

All tubes received 0.2 ml of a bacterial suspension (lO ~) of S. aureus

(ATCC 12 ,600). The tubes we re then rotated at 12 rpm and maintained

at 370 c~
Upon bac terial inoculatio n and at one and two hours post inocula tion ,

a meas u red a i l quot (0.1 ml ) of flu1l d was removed from both test and

con tro l sapip les. This al lquo t was diluted in sterile water (9.9 ml)

and vortexed for 2 minutes in order to lyse the leukocytes . The number

of bacteria within the water represents both the free bacteria as well

as those phagocyt ized but viable within the cells. Knowled ge of the

H total number of bact-~ria ove r time revealed the phagocyt i : bact eri cida l

_ _  _ _ _
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capac i ty of the wh i te cells.

A second al i q uot (0.5 ml ) was also removed upon i noculat ion and

at one and two hours post Inocu lation and diluted in sterile saline

(1~.5 m J) . Through different ial cent r lfugat ion (280 g), the free

bacteria (supernatant) were separated from the leukocytes (sed i ment ).

Af ter samp ling the sediment and supernatant , the leukocytes in the

sediment were then lysed in sterile water In order to release any

phagocytized yet viable bacteria. The number of free extrace llul ar

and intracellular bacteria was measured using standard serial dilution

and plating technique . Quantitatlon of ext race llular bacteria (super-

na tant) ove r time provides a measure of phagocytosis , while quanti-

tation of intracellular bacteria (sed i ment) provides an index of the

actua l bactericid al action within the le,ukocyte.

RES ULTS

Topi ca l treatment of t i e wound with a proteoiytlc enzyme had no

demonstrable effect on wound healing (Fig. I). The breaking strength

of the wound subjected to enzyme treatment did rot differ s i gnificantly

from that of the contro l wounds. Sim i larly, sho rt torm top L:ai

enzyme t reatment had no damaging ~ffec t on the wound ’s resistance to

Infect Ion~. Wounds pretreated with enzymes we re able to res ist the

development of infection to a degree similar to tha t of the contro l

wounds pretreated w ith sal m e  (Fig. 2). Enzyme treatment was asso-

ciated with a significantl y wider ind urated wound ro~ rcln than th~

controls. For the animals receiving 3 .3 x IO~ bacteria , an eieva t~ d

bac terial count was associated with the w~dencd ndur oted marg ins o~

~

- - -  - -
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the enzyme t reated wounds. For wounds receiving a hig her leve l of

I noculum , the bacterial counts of the saline and enzyme treated wounds

wer e remarkabl y s i m i l a r .

These inocu o us e f fec ts  of enzyme on the wounds in  vi t ro a re in

sha rp contrast to their deleterious influence on white blood cell

function in vivo. In the presence of the enzyme , ieukocytes were not

able to phagocyt ize bac te r ia .  As a result of this rema rkable inhibition

of bacter ial i ngestion , the leukocyte had no significantl y bac te r i c i d a l

cap i c i t y . (F~~ 3) -

COMMENTS

In v ivo ,  top i ca l enzyme treatment for short perio ds of time appears

to be Inocuous . The presence of the enzyme in the wound did not Inter-

fere with either wound healing or wound Fesistance to infection. The

only side effect encountered was a widened indurated marg i n w h i c h  i n

one set of animals was correlated with an elevated L~acte ri a i count.

In vitro studies suggest that prolonged contact with the enzyme

may have some potential deleterious effects. In the presence of the

enzyme for one to two hours , the leukocy te ’s ability to phagocytiz e

bac teria was not apparent. Conseq~ entl y, enzyme treated leukocytes

had no demonstrab le capacity to kill bacteria . The period of time

in which the leukocyte was exposed to theenzyme (la, vi tro) was sub—

stant i ally longer than the time of enzyme contact (10 minutes) with

the wound surface. Limiting the period of enzyme wound treatment

to this short time interva l may reduce considerably Its effect on

whi te cell function In vivo.

T ~~~~~~~~~~~~~~~~~~~~~~
--- - 

-- 
~~~~- -~~- 
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The res u l ts of the s t ud y ind icate that short term treatment of

wounds w i t h  top i cal enzymes appears to be safe and Is accompanied by

few clinicall y sig nificant side effects. The potential benefits of

this treatment in experimental wounds as an adjunct to antibiotics

con s i d erabl y outweig hs i ts damaging effects. Its cl inical use in

patients must ~~a i t the resu l ts of c a r e f u l l y con tro l l e d  c l i n i c a l t r i a l s

in which the efficacy of their treatment is eva l uated .

p
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1. Mande ll , G.L.: Bac tericida l action of aerobic and anaerobic poly—
mo rphonuclear neutroph ils. infect. Immun ity 9: 337, 1974.

p
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RESISTANCE TO INFEC TION

~~~ 2I3 E N Z Y M E

40 — ~2’///.~ /.i SALINE 

~~~~~~
— 

8% 17% ~3% I30 — N S — i ~U. 
~~Z~~~ -~~~ -

~~~~~~~ 20 
_ _

- •JLI
4 5  -

~~ 3 0  - // //~/~~ L~ __

~~~ 
15 2±1 3 1 

~
_ _  11L1

6 0 -  -
~~~ 

- -
.

0 .W/,’/.f.’~ ~~~~~~~
4. 0 4 8 ± 0 9 60± 0 8 ~4 9 ± 1 5  6 ~~! 3

< 8  — 
~~~~~~~~ 

— 
~ OO 2

_IL

-

_ _
1NOCUIUF.i : 3 3  ~ 11 X

Figure 2

- -  - -—~~~~~~~- --~~ - ~~~~~~~~~~~ -__



- - — —-- - -— -—-- ~~~~~— — .—- ~~~~~~~~~~~~~~ 
-
~~

--
~~ 

- - --—---
~ 
—-- —-. ,—*—- — -—- —~~~~~~~~~~

- — ----.- ____ w—,—— — -*-~~~*-‘-~~.~~~- —

46

WOUND HEALING
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LEUKOCYTE FUNCTION
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I V . QUANTITATIVE A NAEROB IC MICROBIOLOGY OF BURN ESCHA R AND INFECTED
WOUNDS

A quantitative relationshi p exists between facultative bacterial

species and the occurrence of burn wound sepsis and the incidence of

wound infection. On this basis , quantitative bacteriology has been

emp loyed to predict the development of infection. The techniques em-

p loyed to measure the number of wound pathogen s have been standardized

in our laboratory . The methodology invo l ved includes wei ghing the

tissue , homogenization of the cl i n i c a l  spec i men , rapid slide measurement

of the total number of bacteria in the homogenate followed by a

viable count of the aerobic and facultative species. - Frequentl y ,  the

number of bacteria as ascertained by the rapid slide measurement

differs cons iderabl y from the viable count. This discre pancy may be

exp lained by the presence of non-v iable organisms in the L’ound or

obligate aneerobes In the specimen that succumb in the presence of

oxygen. The validity of this hypothesis can be ascert&-~ d by standard-

ized reliable and rep roducible quantitative anaerobic m Icrobiolo g ic

techniques. To th i s end , we have attempted to deve ’ope such te chn ics.

The re l i a b i l i t y  of a variety of pr~pposed techniques is being confirmed

by standard chemical and bacteriologic tests.

A. Chemica l--Duri ng a quant itative anaerobic measurement , an anaerobic

environm ent mus t be continuall y mainta ined . For each experi me nt , the

environmental condit ions are moni tc red by an in dica tor (resazurin) in

the med ia and salt solution. When the redox potent ial is raised to a



49 

-

~~~~~~~~~~

l eve l grea ter than —40 my , the Indicator exhibits a pink color ind i cating

exposure to molecular oxygen. If the quantitat ive technic results in

such a chang e, the measurement would pr obabl y d i s c r i m i na te a g a i n s t

strict anaerobes and only allow g rowth of less oxygen-sensitive

anaerobes (mlcro aerophi lic organisms).

B. Bacter ioloqi c——Anaerob ic bacteria are usuall y considered to be

bacteria which g row only in the absence of oxygen. Yet , among the

anaerobes It Is apparent that degrees of sens i tIvity to molecular

oxygen exist. Three obli gate aneerobes w ith vary ing degrees of aero—

tolerance have been inc l uded in our bacteriolo g ic eva l uation. These

include Clostridium hemo lyticum (ATCC 9650 that exhibits maximum g rowth

at p0
2 
0.5%), Bacteriodes fra q i li s with maximum g rowth at p02 3~ , and

Fusob acteriu~i nucleatum strain JCFan organism that g rows best at p02 8%.

A requirement for an accurate quantitat ive anaerobic technique is that

It permit cultivation and measurement of these anaerobes in vitro. By

reco rd I ng changes in the numbers of these oxygen sensitive organisms

as a result of the quantitative p rocess , defects in the quantitative

techniques have been Ident i fied .

Utilizing these standard techniques , the following technical p robl ems

have been encountered In the development of a standardized quantitative

measurement for anaerobic bacteria.

C. Mainten ance of ~~~~~~~~~~~~~~~~~~~~~

I .  Gass ing the Chamber with Carbon Dioxide

During the homogenizat ion process , the ci i n i ca l specimen is bein g

_ _ _ _ _ _   ---- —-~~~ -- - - --__
— 
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co nt i n ua l l y exposed to atmospheric oxygen. In an anaerobic quan-

titative bacterial ana l y s i s , the homogen iza t ion chamb er mus t be

purg ed of O
2~ 

Simp le exposure of the chamber to carbon dioxide prio r

to homogenization does not prevent exposure to oxygen . Similarly,

gassi ng the chamber via a catheter p lac ed abov e the homog ena te i s

also i nadequate. As a result of exposure to oxygen , death to the

strict anaerobes has been encountered . Preliminary bacterial and

chem i cal studies suggest that gatsing the chamber via a catheter placed

w i thin the homogenate at the bo ttom of the chambe r maintains an an-

aerobIc environment. The Influence of this anaerobic homogenization

process on the surviva l of the anaerobes wi l l  be further tested during

the com i ng y ea r .

2. Pre—reduced Diluents

During homogenization of the clinica l specimen and during serial

dilution of the homogenate , a pre— reduced d il uent is emp loyed . Pr esently,

we are  emp loy ing a pre- .reduced salt solution that is prepared in our

laboratory and is relativel y i nexpens ive . A pre-redu ced solution con-

tam ing chopped meat and various carbohy drates which is cons iderably

mo re expensive than the salt solu~ ion may also be used . I~ioweve r, chopp ed

meat diluent provides a more stable anaerobic environ me nt than the

- ; pre—reduced salt solut ion . The influence of these so l u tiir.s on th~

viability of anaerobes w i l l  be determ ined.

3. Pre—reduced A gar

The pre—reduced diluents are i nocula ted into pre -~duc~ d a-~ ir

m e d i a . Preliminary studies Indicate that the concent ration of agar

L ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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in the media determInes the temperature at which the med ia gels. When

the agar concentration Is 2.5% , the gel point of the media is 46—48° C ,

a temperature at which most anaerobes will  survive . When the agar

concen t r a t i o n  i s  ra i s ed to 3.5% the ge l poi nt of the media Inc reases

to 65_70
0 

C , a temperature t hat results in death to the anaerobes .

Further studies wI l l  be initiated to ensure that the gel point of the

media  w i l l  no t i n f l uence v i a b i l i ty of the anae rob es.

D. Temperature of EnvIronment

When tissues are homogenized , considerable heat is given~of f ,

raising the temperature of the homogenate. This exothermic reaction

has been minimized by p lacing the homo geniz ation chamber in ice during

our quantitation of facultat ive bacterial spec ies and obligate aerobes.

This precaution protects the organIsm from heat Inj u ry m aintaining the

v i a b l e  coun t of th e spe c im en . Howev e r , thi s ch i l l i n g  of ~he specimen

may exer t damaging effects on the anaerobic organism. Dowell points

out that “specImens should not be refrigerated as chi l l i n g  is detrimental

to some ariaerobes. t ’ The effect of this short period of hypothermia

during homogenization on the viabilit y  of obligate anaerobes wi l l  be

examined . p

Fo l l o~ ing develop ing of this standard quantitative technique for

a nae rob i c  ba cte r i a , it w i l l  be applied to experimental anaerobic lnfec-

•1 
tions -of the burn and soft tissue wounds and then to clinica l soft

Inf ections as well as burn wounds in humans. 

.--—

-.---- - -

~~~~~~~~~ - __________
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I N T R O D U C T I O N

Burn wound sepsis rem ains one of the major causes of death of burnt

20
children as well as adult burn victi m s . Thi s entit y is ch ara ct eri~~sd

by progressive bacterial proliferation within the burnt tissue w ith subse-

quent invasion into adjacent vi abl e tissue and eve n tu al l y s-,st ernic

24 . . -disseminat ion . Invas ion of viable tissue by large numbers ot bacteria ,

usuall y gram negative species , is associated w it h the cl i n i c a l

picture of ab dominal distention , disor i en tat i on and shock. The Onset of

burn sepsis can often be predicted by the bacterial count of the burn t issue.

When the quantitative bacterial count exceeds 100 ,000 (lO s) orcanisms

per g ram of t i ssue , the c l i n i c a l  consequences of sepsis are im:n inent .

Th i s  quantitat ive relationship between the bacterial count and the deve l-

opment of burn wound seps is is the fundam ental basis for quantitat i ve burn

wound bacteriology. ~
- 

- 
-

Bacteriolog ic monitoring of the bu rn wound must take into account

several par ameters: type , number , location and antibiotic sensitivity

of the bacteri a . As a result of numerous techno log ic advances , these

bacteriolog ic data can he made available to the burn surgeon in sufficient

time to influence his therapeutic decisions. The mi crof i or o of the
p

surface of the burn wound and the burn wound itself are examined separate l y

by differ ent samp ling tech nics. (Table) For the surface microf l ora ,

the gauze c a p i l l a r i t y  t e c h n i c  Is emp loyed , w h i l e  i nc i s i o n a l  b i c - p s ~~~ a re

used to r’cn it or the orca p i sm s in the burn wound . .~- fte r s e - a i i i e , suS-

‘en sions of Ep e cimen s are c rear- ~d~~.h!ch in turn arc ~~ e:z:d t o  d i~~~ct

m J cro s co picmsa surem-e n t , r cu t ine quant~~t3t~~Je cu l t u r e  p r o :€ du re~ -~nd

I

~~
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- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



.

Jmm ed a~ e a -- i t i b i o t i c  s e n s i t i v i t y  testin g . His .tolog ic eram i n a t ion of

the burn wound is perfo riced conco m itantl y -.~i th this bac te rio log ic e<:m-

Ineti on to determine the depth of bacteri a l invasion as well as to

detect m ycot lc or he rpetic ln Fections . it is the purpose of this rcport

to r~ view these methods and to point out their merits and shortcom ings.

S U R F A C E  E A C T E R I A

The surface of every burn wound is contaminated to so m e de-g r ee by

bacteria .
9 

Freq ue ntl y, the level of surfac e bacter i a does ~ot reflect

th at of the un d erl y ing tissue . S i m i l a r l y the or~ enisms isolated from

the surface may not be the same as the m-a~ or sube schar pathoga ns accounting

for burn wound sepsis. Desp ite these dre -..backs , mo n itoring of surface

counts is corv:on)y emp loyed in many burn cen~~~ s.

Monitoring of surfa ce bacter i al c:-J:-~ s can be accomp l i sh e d by a

variety of non -invasive me thods .
h I 2

~~~
7JO

~
H )23 

In these te chnics the

coeffici en t of friction of the two i nt e ra ct in -~ surf ~~ es , the burn -.ound

and the sampling device , va r ies co nsi d erabl y. When the frict i onal forces

between the surfaces are hi gh , the su rfa ce of the burn wound is d srupte d

allowing access to bacteria in tbe out erm ost part of the burn wound . The

bacterial recovery w i l l  reflect thi :s p en etra t~ on into the burn wound to H

include bac~teria from the surf ace as well as wit h i n  the tissues.

At our burn center , sur face bacteria l monitoring by the gauze can-

i l l a r i t y  tech n ic
2 

is emp loyed prior to wo und b i o p s y  sa m p l i n g . Th i s

p ocecure p r~ -.’i d ~ s ob je ctive ~ v i d~~-~ce  of the nu ; ber and type of s~i~ face

b act- :--ia , an nd :~~ of :h.~ po: nt i a l  for s -~b so;uer t b a c te ria l i n. - s~ on

of b urn -~.ound . Si n ce th is t e c h nic in. -ol v e~ n~~:i g :hle f r z ~ o-al

_________________________ ________________ - - _ - - - -~~~~~~~~~~~~~ -~~~--—---—---~~~~- m _ _ _ _ _ _
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forces between the samp ling device and the burn wound , the bacteria re-

covered r e f l e c t  su r face  ra the r  t han burn w ound m i c r o b i a l  c o l o n i z a t i o n .

This eas il y repro ducible technic be g ins by neutralizing the ant ib acter i al

activity of antiseptic agents on the surface of the burn wound . Sterile

gauze pads (2x2 in), 16 l ayers thick , are then p laced in a sterIle 100 mm

petri dish. To this is added L~ to 5 ml of sterile solution which tho rou~~ l y

soaks the gauze. Using aseptic technic , the gauze is then p laced on the

S i t e  to be cultured . The gauze is left In p lace For five mi nutes after

which it is a s e p t i c a l l y removed and rolled diagonall y into a cy l i n d e r .

The latter is p laced Into a sterile 125 m l Erl enme yer flask containing

25 ml of 0.3% saline. A gitating the flask for two minutes , a l l o w s  the

bacteria adherent to the gauze to be suspended in solution. A l iquots

(0.1 m l ) f rom the orig inal solution as well as serial dilutions are

subjected to direct microscop ic counts , ~uantitative culture procedures

for aerobIc bacteria and imrne d ia te antibiotic se n s i tivity testing.

WOU ND BACTERIA

Biopsy Techni cue

The bio psy proc edure is i n i tiated by decontaminating the burn ~-,cund

surface with a non-toxic ant kep tic agent. Using a se ptic technic , the

surface of the wound is cleansed with an iodophor.
22

Five minutes later ,

the iodcp hór is rcm~ ved and any residua l agent in ac tiv a t e d by wa shing

the w~~u-,d surface w ith a solution of O.9~-~ sod i um ch1 or~de -: cn ta i n inc

5od i urn thl c sul fate (1% w/v) . The surface of t Ie .‘.~~und i s :h~ n dr l ’ d -
~. i

a ca u:e spo nge . A l thoug h others f1:me t bicp ~ y to ci Im i na tc sur~ o:e

contamineat s , this d e co n ta m ina ti on p r ocedu re sH~u i d cor,e cautio us l y

r-~ ’, ~~l l s~~;nifican: n~.— b- .’s of ba c t e r i a  .ith~ n the 5~oc~ y

_ _ _ _ _ _ _ _ _ _ _ _ _  -
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The biopsy is performed by excising a 2 cm x 1 cm samp le  o f e5ch -s r

whIch wei ghs a p p r o x i m a t e l y 0.5 gm (Fi g. 1). The bacterial count s in

tissue of this size or larger are sufficientl y hi gh to be re a d i l y sus—
114

cept lb le to bacterial quant ita tion by the rapid slide technic. ~‘h en

smaller specimens are subjected to rap id slide measure m ents , the total

bacter ial count susceptible to qu ant itation is con sid erabl y dim in i shed

limit i ng the r e l i a b i l i t y  and accuracy of the technic. i n cisi on al bio ps ies

of the burn eschar only rarel y p~oduce bleeding that is no: controlled

by d i g it a l pressure . Local anesthesia is seldom required in t h is  biopsy

procedure. Biopsy samp les For either aerobic bact erial q uan tita tl o n or

his tolog ic examina tion are transported Imm ediatel y to the labo ratory i n

sterile glass tubes. Spe cial anaerobic containers are emp loyed for

specimens that wil l  be subjected to anaerob ic bacterial I so l a tion and

culturing .

AEROBIC BA CTERIAL QUANT ITAT ION

The specim en is processed within 1 hour of It s procurement. The

b iopsy is  wei g hed and t hen suspended in a measured amount of 0.9% s a l i n e .

The tissue may be mac crated wi th a knife ,
12 ’15 but a simp ler approach

is tissue homo gen i zation using a sterile rotor kn i fe blade. During
p

hom ogeni zation , the tube containing the bacterial su spension should be

I o 9

immersed iii a 14 C ice water bath. This ice water mixture provi des

eff i cient ~oo lin g of the homogenate maint ainin g Its temper ature below

a ~evel that co u ld result in hyp e r t he r rn ic in ju ry to bact e ri a . The b-t ro-

g e - a t e  is then proca~ sed by direct m i crosc op ic e~~sm H a t i o n , ~~;- ~ a t i t 3 : i v e

c ulture p ro c-~-du ra s for aa ro bi c bacteria , e r d  im~~ d la te a n t i b i o t i c  s e n s i t i v i t y
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testing.

After m akIng serial d i l u t i o n s  of the homogenate , a li quots of the

diluted and undiluted solutions are i nocu lated on blood agar p l ates (BAP)

and eos !n-meth y lene blue (EtiB) media con t ainin g en indicato r dye , eos in-

methy lene blue mixture , wh i c h  provi des an indicat i on of the number of

0
Enterobact eriaceae in the specimen. The p lates are incub ated at 37 C

for 214 hours before colony counts are perfo rmed . An appro priate p late

with non-confluent growth conta ining between 30 and 300 colonies is

selected for colony ceunt s . The results ~re reported a~ b a cterial count

per gram of tissue .

Frequentl y, we supp l ement these bacteriolog ic studies with histo-
16 ,20

logic examinat ion of the burn tissue . The tissue is examined for

depth of microbial penetration , presence of an inf lamm ator y response ,

evidence of microb i a l invas ion of v iab le t iss u e and i dentification of

blood vessel invo l vement. Using the histolog ic criteria described by Pru i tt

20
and Foley, the diagnosis of Invasive burn wound in fection can then be

made. Histolog ic ex amination of the burn wound is particularl y va l uable in

the diagnosis of fungal infection . Mycot ic infection of the burn wound

is established solel y by histolo g ic criteria since , with the exception

of candid a , culture isolation of fungi has a low y ield and is time con- .
~~

L 

suml ng. T~hc va l ue of histologic examination of burn tissue is also
5

of great value in the detection of h erpetic les i ons.

A~~ESC3I C_~~~TE PIAL O IJAN T ITATIC N

~nens-ie r dead tis sue is pr e sent , a ne e r  ic Hf e c t io n s  ra y occu r.

A r - a a r c ’oes  hav e c o n s i d e r a b l y d i f f e r e n t  re~~u r : r n e z t s  fo r  a : iae rc b ios s .

——~~~ -~~~~~~~~~
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Some grow on the surface of a solid media in the presence of air w hile

others are unable to grow if the atmosp here contains as l i t t l e  as 0.3%

oxygen or certain oxidized medium con stituents . Considering this ~pec— - --

trum of aerotol arance , the methods e:rp loyed for Isola tion of aerobes

In burn wound specime ns must al low recovery and qu an tit at i on of the

least aerotolerant orga nisms .

Since many anaerobes can not tolerate even a very brief exposure

to oxygen , the biopsy specimen should be obta ined with m inim um exposure

to air. The tissue Spec imen should be transported i mmediatel y in an
6,26

anaerobic tube or cont ainer , isolation and qu a nt i t at ion of the

anaerobes is accomp lished under anaerobic conditions in a g love box.

During anaerobic homogenizat ion , the samp le is suspen ded in a measured

amount of a pre-reduced salt solution which is also used for the seri al

a p

dilutions. Aliq u ots of the undiluted homogenate and its ,d i ]u t i on s are

then added to tubes of molten (50
0 C) pre-reduced brain heart infusion

media containing 2.5% agar. Media containing more than 2.5% agar melts

at higher temperatures which result in an irreversible hyperth er:ni c injury

t o b a c t e r i a . The p r e — r e d u c e d  med ia as w ell ~s the d i lue n t conta in a~~ueous

reazur in , an oxidatio n -reduction in d i c a tor oF an aerobios is. Ifl its
r

reduced form , it is colorl ess , an indicatio n of an anaerobic environment.

When the sc’s tern is exposed to traces of oxygen , the reazuri n is oxid iz ed

and imparts a distinct color to the m edia or solut i on.

The inoculated tubes are then p laced in a spi nne r and rotata d abou t

t h eir long axis. ~-s the rna di~ cools du ri n g tube ro ta tion , the bacteria

are suspended in  a t n i n  f i l m  a l o n g  t a O  wall or the tuze . ,-~rte r incubat i on

~~0~~ . • .  . - -

L 

a t  ~7 ~ -under a -z e ro- ar c cone t ens ror ~~~ to ~-o nou rs , the cc

- 
- 

- a
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are counted . Individual colony tupes are isolated , sub cu1r u r~ d and

Incubated under aerobic , 1 0% CO 2 and anaerobic cond it ions to det e rm ine

If the isolate is in fact anaerobic and not facu l tative. The colonies

g rowing on plates incubated In 10% CO2 and aerobic conditions are con-

sidered microaero p h ili c. At this point , the labo ra tory reports to the

surgron on the presence or absence of anaerobes or ml croaercp hi l es and

indicates their morphology and g ram staining cha racterist i cs, ident i ficat ion

and antibio tic sensitivity testing of the anaerobic isolates are

8
determined subsequently.

R~A P I D  SLIDE TECHNIC

The rap id slide technic consists of a direct microscopic measurement

of the total number of viable and dead bacteria in the suspension )14

The major advantage of this technic is the speed w i th which the results

are available to the surgeon , within 20 m ihu tes after biopsy. In this

measurement , a desi gnated amount (0.01 ml) of the und i luted suspens ion ,

homogenate , and/o r a serial dilution are spread unifo rml y ove r a dile n eated

1 ~r area of a g lass slide which then is p laced on a wa rmer to dry the

smear. (Fig. 2)
13

The smear is then subjected to the imp roved Gram stain technic

d~ ve1oped In our laboratory (Fig. 3). This technic provides a more re-

liab l e and ~zcuratc method of different i ating gr am—negative from gram—

p~~ i tivC organism s than the convent~ or,a1 Gram sta inIng proc edure. The

major p itfa l l  of the conven tion al t~~c hnic  i~ tha t ~ram-p ositk-e o-ga.n s.-ns

are too easily decoi or i:c~d by alcoho l and jud~g-ed to be gram-neget ve .

In the improv ed met hod , fHation of the b act e r i a is accor .p ii ~ he’d 
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by the a d d i t o n  of m ethano l onto the surface of the warm sl i de. Ba cter a

fixed by methano l are more resistant to deco lori zati on t:nan are b a cteria

fixed by dry iny or heat. When the methano l evapor ates , the slide is

then flooded with bu ffer ed crystal vio l et , which is allowed to stand

for 60 seconds. The primary stain is then poured off the slide with the

iodop hor mordant. The slide is then flooded with more mo rdant that

remains on the slide for one minute. The aqueous mordant 1
2
K 1 employed

in the convent ior.al technic is ~in stebl e and rap idl y loses its iodine content

d~~ i~~ storage. The degree to which iodine is lost is incre ased by

elevatin g the room temp erature and repeated exposure to the environment.

As the contt entra tion of iodine in the mo rdant solution is reduced ,

bacterial smears become susceptible to deco lorization. The prbbi em s of

loss of iodine from the mordant can be remedied by emp loy ing an iodop hor

as the mordant. This iodine complex is stabl e and has a long shelf life.

The slide is then deco lor ized unifo rm l y w Ith 95% etha~o1 until the

solvent flows colorl e ss l y from the s l ide. Decolorizat ion of th~ ~m€ a r

usuall y takes 5-10 seconds. Excess alcoho l is removed by rinsing the

sl i de with water . The counter stain , safr a r in , is then added to the

slide for 60 seconds be fore it is washed off wi th wa ter. Each si i d e  is

allowed to dry and Is examined undeF oil Immersion us i n g  a IDOx objective .

Ten separate fields of each smear are exarnin~d and the average number

of b acter ia per field are recorded . The average number per field is

m u l t i p l i ed by the number of fields in the one cm
2 

r’rea (1~0-D3) n~~vin e the

total nambo r of bacteria in the 0.01 ml a l i c u o t  of the un d i i u t ~ -d su~-p~~as~ en .

T h i s  number is mu1t ~ p i ec~ by 50 if tha o r i c i n a l  susp~ n~~on -.-o~ -~~e -,- .~ s 5 m l 

~~~~--~~~~ --~~ -~~~.—- --— ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~_ -~~ ---~ 
~~~~~~~~~~~~~~~~ _ _ _ _ _ _
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to g ive the total number of bacteria in the suspens ion (Fi g. 3). ~-:hen

the n umber of bacte ria in the smear of the undiluted suspension i s too

numerous to count , ~he number of bacteria per fiel d in the first tenfold

suspension dilution is checked . in these cases , the dilution factor of

the homogenate is taken into account in the final calculations of the

number of bacteria in the undiluted suspens ion. The shape , gram -stain in g

characteristics and number of bacteria per samp le size are reported in

the final results (Fig. 4).

The rap id slide technic g ives accurate and reliable mea surement

~hen coo or more bacteria are in the 0.01 ml suspension delivered to the

s l ide ~)L~~
;O
~ rganisms per gram of tissue ) . When less than this number

of bacteria are added to the ~ l i de , bacteria are not detectable on r- ;cr ooeo n~~o

-~~~~
-
~~

The development of this technique does not rep lace qu~ nt i t atr ve

serial dilution and p lating techn ics . These latter technics are alwa ys

per formed conco rn rni tantl y with the rap id slide technic since they allow

spe ci ati on of the pathogen and antibiotic sensit i vity testing.

IMM EDIATE AN TI~~I 0TIC SENSIT IvITY TEST ING DISKS

Rap id antibiotic sensitivity tes tin g is performed under aerobic con-

ditions di r ~ ct1 y on the bacterial suspension prepared from the c l i n i c a l

specim en rathe r than on sing le strains of bacteria iso la ted from the
25

tissue. Performing the ant i biotic s ensitivity test d i r e c t l y on the

t issue samp le a l lows the burn surgeon to receive the test results se .’er

hours after receivin g tine sp ec imen rather than 3-~— 52 hours ~ater , a

t ire del ay enco untered w ith the con’.’ent onal te-: hni c . ~se of th i s

-~~~ - - —- - 
-—~~~~-—- ~~~~~-— — - .-~~-~~-—-— - p ~~~~
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H
m o d i f i c a t i o n  emp loyed dees not al ter most of the sta nd ard s recomme nded by

th e Food and Drug .-~-d m ini s trat i on si - c e there~ is  no Inc l u s i - ~e chnr ,~ e in

the mediu m , agar depth or the anti b i o t i c  sensit i v i ty ~isc .
3

Ali cuots of the bacterial suspens ion s prepared by the p r ev ious

procedures are streaked in three directions onto tin e surface of ~ueHer-

Hinton a~ ar  p lates (5xl50 mm) using sterile cotton sw-abs . After a three

minute delay, antibiotic discs are app li e d to the surface of the a~ ar

with an automatic dispenser and pressed onto t~ e surface w ith sterile

fo rceps . Af ter incubation at 37
0 

C for seven and for 18 hours , tin e

zone of inhibition around each disc is me asured with a ruler . The zone

diameters as reco~ rended by the Food and Drug Administration are used

to interpret the susceptibility of the bacteria to the antibiotic.

In preliminary c l i n i c a l  and e x perim en tal studies , the changes in

the test necessitated by using the c l i n i c ~~1 suspension d i d , not alter

si g niF i cantl y the int er pre t a ti on of the antibiotic s u s c e p t i b i l i t y .  Even

when lar ger numbers of bacteria were present in the suspens ion ~~~~ io~),

variation in the inocu lum S i z e  did not app rec iabl y change the r e sults of

the antib i otic s u s c e p t i b i l i t y  tests. Re duc inc the standard Kirb y—

Sauer antibiotic s u s c e p t i b i l i t y  test to seven hours a~ so did not l i m i t  the

accurac y of the test. -J
As ex~ ected , the var i able mo st d i f f i c u l t  to standardize is the H

hetero genous ino cul a co nta in i ng 1a~~ e numbers (1O~ ) of di f f e rent o~ z~ n isr - - s .

A z ~ ne of in h i b i t i o n  inte rpr e t e d a-s s e n s i t i v e w i t h  one

occasion al l y m as ked Sf ~h-e p-es -area of the con f lu en t -;rowth of ame t h er 

- _ J ___ s—_-~~~ -~~~~~~~—~~ --
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organism whose zone of inh i b i t i o n  w as  c o n s i d e r e d  r e s i s t a n t . ‘~c d i d  not

encounter the circumst ance in which a number of sensitive species gave

reactions interpreted as res istant wren tested in combi n ation. However ,

even in these cases it is p ossible that the results of m ixed cu lture

sens i tivities may provi de the most valid info rmation in t reali n g m ixed

infections since they most closel y sim ulate the c l i n i c a l  situation.

The merit of direct antibiotic sensitivity testing of c l i n i c a l  specim ens

must await further expe rimental and c l i n i c a l  studies in which the results

of this proposed se n s i t i v i t y  test are shown to have some correspondence

with the c l i n i c a l  response to tre atmL nt .

ANT IMI CR O 3 IAL CREAMS

For an antimicrobial cream to be effective against the org anisms

prolifer a ting in the burn wound the agent ~ ust e x h i b i t  a n t ibacterial
15

a c t i v i t y  a g a i n s t  the major pathogen.  Nat han has recentl y devised a

t .~- : t  which measures the sus c e p t i b i l i t y  of tin e burn wound pa thogens to

commerciall y available a ntim icrobi a l creams . This antimicrobial sensi-

tivity test i s  essential l y a modific a tion of the agar cup d ffus io n test

for an t i b i o tics. Me asured amounts oi the cream s a re  d e l i v e r e d  in t o  the

center of holes on an agar p l ate (st~ nd ard brain heart in fusio n med i um) .

The b a ct e ria l suspension is th en add-ed to me lte d agar (!~5
0 

C) w hich is

pc ured in t o the center of holes on an gar p late c o nt ainin g th e a n t i -

mH r ob ial s to be tested . The cont -mnin ~~ted fl u i d  acer ove r la y s o l H i f i e s

-.- i i t h i n  one m i n u t e .  The test e l a t e s are in. - -~r:~~d ~ -~d I ~c~ 5et - :~ ~~ 
3~~0

for ~ to ~h ho u rs .

T n S  a r t -’ i’:r o b i a l  ~-~s t  p r o v i d e s  an in v i t r O  sv5t ~ -n ~e) ~~- d - y the

:in~~rm:-:okH-eti:s of d :si - cr - at - -d cr c -em. ~~~~~~~~~~~ 
: :- H t — -~~t .  ~~~~-

_ _  -~~~-~~~~~~---- - - - -~~~~~~~- --~~~~~~ _ _ _ _ _ _ _ _ _ _
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of the carrier on the activit y of the cream can eas il y be a:pre~ iate d .

Some carriers l i m i t  the antibacterial activit y of the antimicrobial

w hi l e others permit maxima l activity. (Fig. 5). ~~~~~~~ c l i n ical value ~~~ i

the burn surgeon in the selection of an appropriate antimicrobial cream

for use against a specific pathogen is less certa in . This uncertainty

w i l l  be resolved when standards are developed simil a r  to those for the

disk sensitivity tests that can be used to interpret the susc e p t i b i l i t y

of the bacteria to the antimicrobial cream. Howeve r , it is im port ant to

point out that standardization of this cup-agar dif fusion test may be

more di f f i c u l t  than the disk rest , p articularl y when cli n i c a l  specim ens

are emp loyed . The inocu l- j rn  s i:e and the length of  i ncubat i on  of

c l i n i c a l  specimens significantl y in flu ence the inter pret ation of the

resu l t s  of  the agar -cup d i f f u s i o n  t e s t , a c i r c u m s t a n c e  r a r e l y e n c o u n t e r e d

w i t h  the d i s k  t e s t  ( F i g .  ~;A and B ) .  ~~
- -

I~Jt, ,~~~~ -T iIEAS URES CF THE BACTERIAL C O U N T

Several indirect measures of the wound bacterial count are a v a il able

to the burn suroeon . Examination of burn wounds wi th a Wood ’s Hfrn

19
allows the c l i n i c i a n  to identif y earl y pseud- ozonas in fection. A

fluorescent p i gment is elabo rated b~ many pathogenic strains of Peced o-nonas

ro no ~nd Is detectable under long-wave  u l t r a v i o l e t  1i
~~ht . The

point ~~L which fluorescence is seen upon the wo urds of the burn p atient

in a p a r t i a l l y darkened room is ~p p r cxima t ely 1 ,000 bacteria/ cm.~ i t

is i nd ee d fo r t u i tous th at t his :once-v t r - i t lcn is less tHn th e m i n i m u m

d e n s i t - ,’ a t w hich i n - .- a s i - ~e b u rn  ~-.:u:d s c - p s i s  o c c u r s .  T h i s  irr - -~-~~a t o  a nd

— an y doc - .’r - n t a t i o n  of pse e-fo -ror-- es eol oni: etHn -~e l i  b e~ c ’ r c  c l i n i c a l

s -crs o f in~ e c t i - ~-i ~~~~~~~~ t 3 : e ~ r - cl ~- c e n r i d t m e r  Lha~ cr- :- ’,’ be I i f c - s o -.- i  -
~~~

_____________________________________________________ 
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- -~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - —- -._ _ _ _ _

- 
13

in some p a t i e n t s .

The “ta ke” of sk in  g r a f t s  on t he s u r f a c e  of granu l a t i n g  burn wo unds

is anot her ra ther  r e l i a b l e  i n d i c a t i o n  of the wound bacterial count .
2’

When the bacterial popu lation is 1O~ or fewe r o rganisms per oram of

tissue , autogr a ftin g with split thickness skin is almost unifo rmly

successful. Skin hornograft also successfully “takes ” onl y when the

colony count was or less per gram in the tissue biopsy.

SUM~ ARY

A comprehensive p i c t u r e  of the burn wound microflor a is row possible

as a result of recent technolo gic advances. The m i croflora of the burn

wound can be characterized with respect to its number , type , location

and antibiotic se n sitivity. These par ameters can be measured in

sufficient time to influence the decision ~ f the burn surgeon. The

microfiora of the surface of the burn wound and the burn wound itself

are examined separately by different samp ling t -echnics. For the surface

m icrof lora , the gauze cap illary  technic is emp loyed , while incis i on - a l

b I o p s i e s  a r e  used to monitor the org anisms in the burn wound . After

samp l ing, suspens ’ons of the s p e c i m ens are c- ea t e d which in turn are

subjected to direct microscop ic mea~~ rem ent , q u a n t i t a t i v e  c u l t u r e  p ro—

cedures and i m m e d i a te antibiotic sensitivity testin g . Histologic e’am—

ination of the burn wound is performed conco rrzn itantly w ith this b ac teriolog ic

examin ation to det erm ine tin- a depth of in ac ter i al invasion as w ell as to

detect the prese n ce of ei thc- r m-,- c o c ic or h ’erp et ic ln fe ct -on s .

~ 

~~~~~~
- - -  

~~~~~~ ____________
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LEGENDS FOR ILrij sTpATIot~s

Figur e 1. The incisicnial hioDsy is perfon mod by t~wc ising a 2 ~ n x 1 cit
sirt le of eschar (A,B). Biopsy umec iirc~ms for e1t~eer aerobe c
bacter ial cuantiteation or histolocic e-:~:arJnation are trarasmorted
irtrrecliately to the la~~ ratory in sterile glass tuL~-s . S~ocia1
anaerobic ~~ntainers are ~rrpioyed for S i~rens that will be
subjected to anaerobic bacterial isolation and cultur ing.

Figure 2. Calculation of the results of the rapid slide rrtea rcent .

Figure 3. Improved Grain stain technic.

Figur e 4. Morphologic and grain staining characteristics of bacteria .

Fi anrp 
~~. Tb~ cat-rje~’rs ~n the antiricrobial creams eo:ert ocr’.s~ c~erahle in—

fluence on their antibacterial activity.

r igure 6. The ~ncculicn size (A) and tne incubation time (B) nave cors ic—
enable influence on the interpretation of the results of the
sensitivit y tests with antimicrobial creare~.

~
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